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EXECUTIVE  SUMMARY 


"Marine/Continental  History  of  Aerosols  At  San  Nicolas  Island 
During  CEWCOM-78  and  OSP  III" 


Basic  Point:  So  matter  where  EOMET  measurements  are  conducted,  air  mass  sources  must  be  determined  using 
techniques  like  those  employed  by  PACMISTESTCEN  in  order  to  interpret  marine  aerosol  data  and  its  implications 
lor  electrooptieal  systems.  Air  mass  differences  in  aerosol  distributions  may  be  much  more  significant  than  local¬ 
ized  differences  due  to  small  scale  features  or  island  terrain. 

Specific  C<  mchtsii  >ns : 

1  Air  rtrass  How  pattern  analysis  based  on  actual  weather  episodes  is  essentral  for  interpretation  of  aerosol 
data  and  its  application  to  E-0  studies. 

2  Techniques  have  been  developed  by  PACMISTESTCEN  for  doing  such  analysis  using  satellite  data,  weather 
charts,  conventional  surface  and  meteorological  profile  data,  and  other  data  sources  considered  together. 

а.  These  techniques  are  being  applied  to  the  data  at  San  Nicolas  Island  to  distinguish  data  taken  under 
maritime  conditions  from  those  taken  under  continental  effects. 

4  Using  these  techniques,  it  was  found  that  during  the  first  two  hi-mode  measurement  periods  at  San  Nico¬ 
las  (CEWCOM/OSP  III  and  November  1978),  considerably  more  continental  influence  was  experienced  than  would 
be  expected  from  long-term  climatologies.  These  were  separated  by  periods  of  strong  maritime  influence  as  expec¬ 
ted.  During  EOMET-79,  conditions  were  maritime  much  of  the  time.  Measurements  conducted  at  SNI  during  the 
winter  rainy  season,  and  during  summer  when  low  clouds  are  most  frequent  should  show  a  higher  incidence  of 
maritime  conditions  since  the  previous  hi-modes  were  all  conducted  during  spring  or  fall  transition  months. 

5.  Even  when  air  is  of  mixed  origin,  as  in  typical  “coastal"  environments,  atmospheric  and  transmission  data 
is  quite  useful  because  it  applies  to  conditions  in  which  many  naval  operations  are  conducted. 

б.  Some  continental  influence  will  likely  be  experienced  at  almost  any  oceanic  site  of  operational  relevance, 
but  it  is  especially  likely  at  American  and  European  mainland  coastal  sites  which  are  subject  to  contamination  by 
fresh  or  aged  pollution  from  local,  or  remote  sources. 
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Meteorological  and  optical  transmission  data  being  collected 
at  San  Nicolas  Island  must  be  categorized  according  to  time  periods 
representing  marine,  continental,  or  mixed  aerosol  sources.  Based 
on  a  variety  of  data  from  sources  such  as  surface  and  upper-air 
charts,  high-resolution -GOES  and  DMSP;> satellite  imagery,  climato¬ 
logical  data,  hourly  surface  observations,  automatic  weather  station 
observations,  and  rawinsonde  data,>the  aerosol  source  regions  for 
the  OSP  III  and  CEWCOM-78  data  period  were  analyzed  to  perform  such 
categorization.  Techniques  were  developed  for  assimilating  much  of 
this  information  into  summaries  or  indices  which  reveal  the  rela¬ 
tive  influence  of  maritime  or  continental  conditions.  Air  trajec¬ 
tories  from  low-level  winds  and  satellite  cloud  monitoring 
indicated  complex  circulation  patterns  making  source  region  iden¬ 
tification  difficult;  at  timesrSome  climatological  and  DMSP  sea- 
surface  temperature  data  were  also  useful  in  describing  transition 
conditions  in  the  lower  atmosphere  near  San  Nicolas  Island.  Based 
on  the  total  integration  of  data,  atmospheric  conditions  at  San 
Nicolas  Island  during  the  CEWCOM/OSP  period  were  marked  by  great 
variability,  with  several  episodes  of  strong  maritime  influence 
being  separated  by  periods  of  continental  influence.  These 
changing  conditions  were  created  by  moving  weather  systems,  with 
transition  periods  characterized  by  air  of  mixed  origins. 
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BACKGROUND 


Tactical  use  of  Navy  weapon  systems  employing  imaging,  detec¬ 
tion  and  other  electro-optical  (EO)  sensors,  require  a  predictable 
knowledge  of  their  effectiveness  under  various  weather  conditions 
experienced  over  or  near  the  world's  oceans.  Significant  progress 
has  been  made  by  Selby,  et  al  (1978),  in  developing  transmission 
codes  applicable  to  continental  environments  with  modifications 
that  apply  in  part  to  maritime  environments.  To  measure  the  qual¬ 
ity  and  quantity  of  atmospheric  effects  on  propagation  of  energy  in 
the  visible,  infrared,  and  ultraviolet  parts  of  the  spectrum  under 
the  Navy's  "real-world"  oceanic  conditions,  a  Navy  maritime  site  is 
required  where  such  transmission  conditions  can  be  accurately  meas¬ 
ured  using  both  laboratory  and  operational  or  near-operational 
systems . 

Similarly,  to  develop  Navy  models  with  which  specific  effects 
on  particular  EO  systems  can  be  predicted  or  assessed  under  "real 
world"  oceanic  conditions,  a  Navy  maritime  site  is  also  required 
where  the  marine  atmosphere  can  be  characterized  in  detail. 

Under  the  joint  sponsorship  of  the  Navy's  Electro-optical- 
Meteorology  (EOMET)  and  Optical  Signatures  Programs  (OSP),  both  of 
these  objectives  are  being  completed  at  San  Nicolas  Island  (SNI) 
approximately  100  km  off  the  coast  of  southern  California 
(figure  1).  SNI  is  part  of  the  Pacific  Missile  Test  Center 
(PACMISTESTCEN)  and  as  such,  is  the  focal  point  for  Navy  develop¬ 
ment,  test  and  evaluation  ( DT&E )  of  missile,  aircraft,  and  weapon 
systems.  The  north  end  of  the  island  on  the  windward  side  provides 
three  overwater  transmission  paths  measuring  4.1,  2.5,  and  1.6  km 
(figure  2).  Details  of  this  facility  are  described  by  Matthews, 
Williams,  et  al  (1978). 


ATMOSPHERIC  CHARACTERIZATION  AT  SNI 

SNI  was  selected  as  the  Navy  site  for  these  efforts  because  it 
has  the  best  overall  combination  of  attributes  which  satisfy  the 
requirements  for  a  maritime  atmospheric  transmission  facility.  SNI 
is  swept  by  prevailing  northwest  winds  which  have  a  long  fetch 
across  the  north  Pacific  Ocean.  With  a  climate  typical  of  the 
Mediterranean,  the  island  experiences  a  variety  of  weather  condi¬ 
tions  throughout  the  year  ranging  from  Pacific  storms,  rain-bearing 
fronts,  and  changing  airmasses  during  the  cooler  half  of  the  year, 
to  spatial  and  temporal  variations  in  extensive  stratus  and  low 
cloud  cover  during  the  warmer  months.  This  results  in  a  wide  range 
of  atmospheric  transparencies  as  well  as  wind  conditions. 

SNI's  proximity  to  the  continent  also  permits  air  of  continen¬ 
tal  origin  to  occasionally  reach  the  island  whenever  winds  blow 
from  land  to  sea.  Thus,  in  terms  of  meeting  the  Navy  objectives 
at  SNI,  it  is  important  to  identify  and  distinguish  those  periods 
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when  measurements  are  made  at  SNI  under  typically  maritime  condi¬ 
tions  from  those  when  measurements  are  made  under  continental  or 
near  continental  conditions.  Only  in  this  way  can  the  results  of 
all  measurements  at  an  atmospheric  transmission  facility  like  SNI 
be  correctly  interpreted. 

In  characterizing  the  maritime  atmosphere  at  SNI,  it  is  neces¬ 
sary  to  concentrate  on  those  elements  or  characteristics  which  have 
the  greatest  bearing  on  EO  systems  performance.  These  are  aerosols, 
low-level  stability,  and  moisture.  At  the  SNI  measurement  sites, 
these  parameters  are  being  monitored  along  with  winds,  temperatures, 
and  other  important  parameters  by  means  of  automatic  weather  sta¬ 
tions,  aerosol  collectors,  and  supplemental  sensors.  The~e  data 
are  then  used  to  interpret  simultaneous  transmission  measurements 
across  the  overwater  paths  throughout  the  year. 

During  several  "high-mode"  periods  and  special  experiments, 
detailed  meteorological  profile  and  surface  measurements  of  aero¬ 
sols  and  atmospheric  structure  are  made  from  the  Naval  Research 
Laboratory's  (NRL )  Micrometeorological  facility  at  the  northern  tip 
of  the  island  (Blanc,  1978),  from  the  Naval  Ocean  Systems  Center's 
(NOSC )  instrumented  aircraft  (Jensen,  1978),  from  PACMISTESTCEN ' s 
high-resolution  rawinsonde  soundings,  and  from  many  other  parti¬ 
cipants  cooperating  in  the  Navy's  effort.  The  first  such  major 
experiment  at  SNI  was  the  Cooperative  Experiment  of  West  Coast 
Oceanography  and  Meteorology  (CEWCOM-78),  which  generally  coin¬ 
cided  with  a  period  of  extensive  target  signature  and  background 
measurements  known  as  Optical  Signatures  Program  III  (OSP  III). 

The  total  period  extended  from  25  April  to  1  June  1978. 

Of  all  the  parameters  being  measured,  the  size,  distribution, 
and  nature  of  aerosols  are  most  important  because  of  their  scat¬ 
tering  and  absorption  effects  on  energy.  To  determine  the  repre¬ 
sentativeness  of  aerosol  conditions  encountered  at  SNI  to  condi¬ 
tions  over  the  open  sea,  and  to  correctly  interpret  the  in-situ 
measurements,  it  is  therefore  necessary  to  determine  the  marine/ 
continental  history  of  air  arriving  at  SNI.  This  was  accomplished 
during  CEWCOM-78 /OSP  III  through  an  examination  of  the  large  scale 
flow  patterns,  wherein  airmasses  of  various  origins  traverse  the 
northeast  Pacific  or  western  North  America  with  SNI  in  their  path. 


APPROACH 

A  wide  variety  of  data  from  diverse  sources  were  used  in  the 
analysis  of  aerosol  history  at  SNI.  These  included  individual  and 
statistically  summarized  surface  data,  upper-air  measurements, 
synoptic  weather  charts  for  the  surface  and  higher  levels,  and 
high-resolution  meteorological  satellite  imagery.  These  data 
sources  are  listed  in  table  1. 


Table  l.  Data  sources  used  to  Determine  Aerosol  History  at  SNI 

During  CEWCOM/OSP  III 


Surface 


Winds,  temperature,  humidity,  visibility,  and  cloud  cover  at 
Sites  A,  B,  and  C 

Winds,  temperature,  humidity,  visibility,  and  cloud  cover  at 
SNI  Airfield 

Winds,  temperature,  humidity,  visibility,  and  cloud  cover  at 
Mainland  Coastal  Sites 

Winds,  temperature,  humidity,  visibility,  and  cloud  cover  at 
Island  Sites 

Marine  climatologies  of  cloud  cover,  visibility,  and  sea  surface 
temperature 

Climatology  of  winds  from  SNI  Airfield 

National  Meteorological  Center  (NMC )  Surface  Weather  Charts 

NRL  radon  measurements  at  SNI  and  aboard  NPS  Vessel  ACANIA 

Visual  observations  at  SNI 


Upper-Air 


National  Meteorological  Center  (NMC)  Upper-Air  Charts  at  850, 

700,  and  500  mb. 

Fleet  Numerical  Weather  Central  (FNWC)  Upper-Air  Charts  for  500  mb 
GOES  Satellite  imagery  of  North  Pacific  and  southern  California 
areas  at  30  minute  intervals 
DMSP  Satellite  imagery 

PACMISTESTCEN  rawinsonde  measurements  at  SNI  and  Point  Mugu 
Laguna  Peak  (1,400  feet  msl)  wind  observations 


First,  surface  weather  parameters  measured  during  CEWCOM/ 

OSP  III  were  compared  with  long  term  climatologies  developed  by 
PACMISTESTCEN  for  the  SNI  airfield.  These  comparisons  indicated  a 
higher  incidence  of  continental  flow  for  this  time  of  year,  over¬ 
all,  than  is  cl imatolog ically  expected.  Climatological  mixing 
conditions  were  also  inferred  which  portray  the  month  of  May  at  SNI 
as  a  general  month  of  transition. 

Next,  a  comprehensive  analysis  of  meteorological  conditions 
affecting  SNI  was  made  for  each  day  of  the  CEWCOM/OSP  III  period. 
This  detailed  examination  later  permitted  the  separation  or  parti¬ 
tion  of  the  measurement  period  into  episodes  of  maritime,  continen¬ 
tal,  or  mixed  aerosol  history.  For  each  day,  synoptic  charts  and 
satellite  imagery  were  used  to  describe  the  prevailing  large  scale 
(synoptic)  weather  situation  affecting  SNI.  This  included  the 
identification  of  major  airmasses,  cloud  features  and  coverage, 
cold  fronts,  and  moving  large  scale  waves  (100  -  1,000  mi)  which 
determine  SNI  weather. 
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Next  surface  pressure  gradients  were  calculated  between  west- 
east  and  north-south  stations  on  the  mainland,  and  used  as  indices 
of  whether  the  air  was  flowing  from  the  sea  to  the  land  (maritime 
at  SNI)  or  from  the  land  to  the  sea  (continental  at  SNI). 

Then,  indications  of  vertical  transport  were  considered  using 
time  sections  of  inversion  height  deduced  from  rawinsonde  data. 
These  were  supplemented  with  important  inferrences  on  low-level 
vertical  mixing  conditions  based  on  wind  observations  and  DMSP- 
derived  sea  surface  temperature  patterns. 

Lastly,  horizontal  transport  conditions  were  analyzed.  This 
involved  principally,  the  construction  and  determination  of  low- 
level  air  trajectories  ending  at  SNI  for  selected  days.  Two  tech¬ 
niques  of  trajectory  analysis  were  utilized.  One  involved  trajec¬ 
tory  computations  in  the  customary  manner,  using  hourly  wind 
observations  from  coastal  and  island  locations.  Based  on  con¬ 
structed  streamline  patterns,  air  displacements  were  calculated  for 
hourly  intervals  extrapolated  backward  in  time  from  northern  SNI  as 
a  starting  point.  The  second  trajectory  method  employed  cloud 
motion  vectors  or  displacements  for  low  (marine  layer)  cloud  ele¬ 
ments,  determined  from  16  mm  film  loops  of  GOES  high  resolution 
satellite  imagery.  Coverage  over  the  area  of  interest  was  at 
30  minute  intervals  showing  movements  of  specific  cloud  elements 
or  clusters. 

Each  of  the  two  trajectory  techniques  has  both  strong  points 
and  weak  points.  They  sometimes  produce  different  trajectories 
since  they  are  based  on  different  data  sources  and  slightly  dif¬ 
ferent  altitudes.  To  aid  in  the  determination  of  horizontal  trans¬ 
port  conditions,  horizontal  visibility  analyses  (used  as  an  airmass 
tracer).  Laguna  Peak  wind  observations,  surface  radon  measurements 
(Larson  et  al,  1979),  and  visual  weather  observations  (Jeck,  1979, 
and  Fairall  et  al,  1979),  were  also  employed.  When  used  with  the 
aforementioned  analyses  of  vertical  transport,  pressure  gradients 
and  synoptic  weather  conditions,  a  relatively  confident  determina¬ 
tion  of  maritime  versus  continental  aerosol  history  over  the 
period  of  from  one  to  several  days  could  be  made  for  each  day  of 
CEWCOM/OSP  III  at  SNI.  However,  regions  of  strong  subsidence 
introduced  complications  to  the  analysis  by  bringing  air  of  uncer¬ 
tain  origins  from  high-  to  low-levels. 


EXAMPLE  OF  ANALYSES:  10  MAY  1978 

To  illustrate  the  techniques  used  in  this  effort,  some  results 
for  10  May  1978  are  presented.  This  was  determined  to  be  a  day  of 
predominantly  maritime  conditions  at  SNI,  and  most  of  the  data  prod¬ 
ucts  were  available  for  analysis. 
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Synoptic  Situation 


On  this  day,  a  strong  Pacific  anticyclone  was  located  west  of 
California  with  a  general  northwesterly  flow  along  the  west  coast 
and  at  SNI.  Weakening  frontal  systems  moved  towards  SNI  from  the 
northwest  across  the  top  of  the  Pacific  High.  The  locations  of 
these  features  are  shown  in  figure  3.  The  widespread  cellular  low 
stratus  clouds  over  the  eastern  Pacific  (near  and  to  the  west  of 
SNI)  and  the  weakening  frontal  cloud  band  advancing  from  the  north¬ 
west  are  visible  in  the  GOES  picture  in  figure  4.  A  more  detailed 
view  of  the  stratus  cover  and  its  proximity  to  SNI  is  shown  in  the 
DMSP  visual  imagery  presented  as  figure  5.  This  picture  shows 
wave  phenomena  which  reveal  the  northwest,  maritime  flow  at  SNI 
and  daytime  clearing  to  the  north  and  east  of  SNI. 

Based  on  filmloops  of  GOES  imagery  for  the  entire  north  Pacific 
ocean  area,  a  composite  analysis  of  cloud  systems  and  derived  flow 
patterns  is  provided  in  figure  6.  This  composite  covers  the  period 
from  the  afternoon  of  9  May  through  the  morning  of  10  May.  It  shows 
the  northwest  flow  and  stratus  near  the  west  coast,  the  front  moving 
into  the  Pacific  Northwest,  and  other  higher-altitude  features  of 
less  interest. 

Local  Pressure  Gradients  -  An  Index  of  Maritime/Continental 
Influence 


Using  surface  pressure  gradients  between  San  Francisco  and 
Point  Mugu  (SFO-NTD) ,  Bakersfield  and  Point  Mugu  (BFL-NTD ) ,  and 
Tonopah,  Nevada  and  Los  Angeles  (TPH-LAX ) ,  a  measure  of  the  tendency 
for  sea  to  land  (maritime)  or  land  to  sea  (continental)  airflow  can 
be  inferred.  When  the  pressure  differences  are  negative  (higher 
pressure  to  the  south  and  west),  the  tendency  for  a  northwesterly 
maritime  flow  at  SNI  is  greatest.  The  larger  the  negative  value, 
the  greater  the  maritime  tendency  and  vice  versa.  As  can  be  seen 
in  the  time  sections  of  pressure  gradient  indices  in  figure  7, 

10  May  is  a  period  when  two  of  the  three  indices  are  strongly  nega¬ 
tive  and  the  third  reaches  zero.  In  this  figure,  10  May  is  at  the 
center  of  one  of  two  periods  of  maritime  flow  at  SNI  (the  other  is 
centered  around  14  and  15  May  and  are  separated  by  periods  of  conti¬ 
nental  or  mixed  air). 

Vertical  Transport 

To  determine  the  vertical  transport  conditions  in  the  general 
vicinity  of  SNI  on  10  May,  a  time  section  of  inversion  height  is 
shown  in  figure  8  for  the  period  8  to  12  May  based  on  SNI  rawin- 
sonde  data.  Stability  is  greatest  where  isentropes  are  horizontal 
and  closely  packed  in  the  warm  inversion  layer.  This  region  separ¬ 
ates  well  mixed  marine  air  below  within  the  marine  layer  from  drier 
(possibly  continental)  air  above.  When  the  marine  layer  is  thick 
and  the  inversion  strong,  little  chance  exists  for  continental  aero¬ 
sols  mixing  down  to  the  surface  at  SNI.  These  conditions  existed 
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DMSP  Satellite  Imagery  at  1917Z  (1117  PST),  10  May  1978  Showing 
Extensive  Stratus  and  Gravity  Wave- Induced  Clearing  Southeast 


Figure  6.  Air  Mass  Flow  Patterns  Over  Pacific  Ocean  Inferred  from  GOES  Film  Loops 
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at  SNI  on  10  May  when  tne  marine  layer  reached  a  maximum  depth  of 
about  1,500  feet.  While  downward  mixing  of  dry  air  cannot  be  pre¬ 
cluded  far  at  sea,  such  air  seldom  reaches  the  surface,  and  would 
almost  certainly  assume  marine  characteristics  prior  to  reaching 

SNI. 

Vertical  mixing  conditions  near  SNI  can  also  be  inferred  by 
considering  the  effect  of  the  wind  flow  superimposed  on  sea  surface 
temperature  patterns.  Based  on  sea  surface  temperatures  analyzed 
from  DMSP  infrared  imagery  on  11  May  (figure  9),  and  assuming  that 
these  conditions  existed  on  10  May  as  well,  SNI  is  shown  to  be 
located  ]ust  to  the  west  of  a  region  of  sharp  sea  surface  tempera¬ 
ture  contrast  separatinc;  cool  water  to  the  west  from  warmer  water 
to  the  east.  Such  temperature  gradients  can  have  an  important 
influence  on  stability  and  vertical  mixing  and  therefore  on  the 
aerosol  size  distribution  at  SNI.  On  10  May,  since  the  wind  at  SNI 
is  from  the  northwest,  any  such  mixing  effects  are  more  likely  to 
be  east  (downwind)  of  SNI  than  at  the  island  itself,  so  that  SNI 
conditions  are  relatively  representative  of  conditions  further 
out  to  sea  (upwind  to  the  west). 

Horizontal  Tr ansport 

Trajectories  were  constructed  for  10  May  from  both  surface 
wind  reports  (near  sea  level)  and  cloud  motion  vectors  (within  the 
marine  layer).  Figure  10  shows  a  5-1/2  hour  daytime  trajectory, 
based  on  wind  observations  which  show  an  over-water  path  to  SNI 
with  a  possible  transit  over  the  Point  Conception  land  area  prior 
to  entering  the  starting  point  of  the  trajectory.  The  trajectory 
also  crosses  the  eastern  edge  of  Santa  Rosa  Island. 

However,  the  path  of  marine-layer  cloud  elements,  as  seen  by 
satellite  (figure  11),  indicates  an  entirely  over-ocean  trajectory 
for  a  slightly  longer  time  period.  Also  visible  in  figure  11,  are 
streamlines  (thin  black  arrows)  and  a  second  longer  trajectory  (due 
to  stronger  winds)  further  to  the  northwest  which  is  in  agreement 
with  the  general  northwest  maritime  flow  concluded  to  be  present  at 
SNI  on  this  day.  It  should  be  pointed  out  that  while  trajectories 
of  5  to  10  hours  duration  may  not  in  themselves  be  sufficient  to 
determine  aerosol  or  airmass  history,  continuity  and  careful  moni¬ 
toring  of  synoptic  factors  did  permit  air  source  characteristics 
to  be  confidently  extrapolated  further  backwards  in  time  in  most 
instances . 

One  further  indication  of  maritime  conditions  at  SNI  on  10  May 
is  provided  by  an  analysis  of  visibility  conditions  during  mid¬ 
morning  (figure  12).  While  such  analyses  are  most  questionable 
over  ocean  areas  due  to  data  voids,  careful  examination  of  winds, 
prevailing  visibility,  temperature,  dewpoints,  and  hour-to-hour 
variations  permits  a  reasonable  delineation  of  low  visibility  areas 
(due  to  smog)  from  high  visibility  areas  (due  to  clean  air  of  either 
marine  or  continental  origin),  according  to  wind  direction  and  geo¬ 
graphical  location.  In  figure  12,  high  visibilities  within  the 
marine  layer  are  concluded  to  indicate  clean  marine  air  at  SNI. 
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Pattern  Based  on  DMSP 
11  Mav  1 97B , 


"APPROXIMATE  SEA  LEVEL  AIR 
TRAJECTORY  TO  SNI  DURING  CEWCOM-78 


Approximate  Sea  Level  Air  Trajectory  to  SNI  During  CEWCOM-78 


Additional  support  for  maritime  airflow  at  SNI  is  available 
from  radon  measurements  provided  by  NRL ,  which  indicate  very  low 
values  on  10  May  (Jeck,  1979  and  Larson  et  al,  1979). 

SUMMARY/CONCLUSIONS 

The  complete  report  summarizes  the  principal  aerosol  source 
regions  for  SNI  during  the  five-week  CEWCOM-78  and  OSP  III  mea¬ 
surement  periods  (although,  only  analyses  for  10  May  1978  appear 
in  this  summary  report).  It  includes  detailed  day-by-day  analyses 
of  the  meteorological  features  and  processes  responsible  for  aerosol 
transport  to  the  island  based  on  a  variety  of  data  sources  such  as 
surface  and  upper-air  charts,  high-resolution  GOES  and  DMSP  (satel¬ 
lite)  imagery,  climatological  data,  hourly  surface  observations, 
automatic  weather  station  observations,  rawinsonde  data,  informa¬ 
tion  measured  or  recorded  at  the  PACMISTESTCEN  and  other  Navy 
sources . 

Techniques  were  developed  for  assimilating  much  of  this  infor¬ 
mation  into  time  cross-section  analyses  of  inversion  base  height, 
marine  layer  conditions,  indices  of  maritime/continental  influence, 
and,  most  significantly,  short-period  trajectory  analyses  to 
describe  or  infer  the  vertical  and  horizontal  transport  of  aerosols 
near  SNI. 

Based  on  these  studies,  it  was  found  that  the  circulation  con¬ 
trolling  the  airflow  at  SNI  during  CEWCOM-78/OSP  was  highly  variable 
with  a  higher  occurrence  of  offshore  (continental)  flow  than  expected 
based  on  long-term  climatology.  Several  episodes  of  strong  maritime 
flow  were  observed  at  SNI  separated  by  periods  when  the  air  transport 
to  SNI  was  from  the  land  to  sea  or  continental.  These  changes  were 
controlled  by  moving  weather  systems  separated  by  several  days, 
comprising  both  synoptic  and  mesoscale  circulations.  The  transi¬ 
tion  from  one  flow  pattern  to  the  other  was  sometimes  rapid  and 
there  were  days  when  air  arriving  at  SNI  had  a  mixed  maritime  and 
continental  origin.  Table  2  provides  a  breakdown  of  conditions 
during  CEWCOM-78/OSP  into  periods  of  maritime  and  continental 
aerosol  history  at  SNI. 


Table  2.  CEWCOM-78/OSP  III  Periods  of  Marme/Continental 
Influence  at  San  Nicolas  Island 


Since  the  measurement  period  occurred  during  a  month  of  transi¬ 
tion  from  winter  to  summer  with  greater  than  normal  offshore  flow 
and  variability  in  weather,  and  since  aerosol  loading  at  SNI  may  be 
affected  by  underlying  gradients  of  sea  surface  temperature  common 
to  coastal  regions,  data  taken  at  SNI  during  the  CEWCOM-78/OSP 
period  were  at  times  not  representative  of  open-ocean  conditions 
likely  to  be  found  at  much  greater  distances  westward  from  SNI. 
However,  meteorological  analyses  performed  during  this  period,  and 
observations  made  in  other  regions  around  the  world  show  that  during 
periods  of  large-scale  offshore  flow,  effects  on  the  marine  layer 
may  be  observed  hundreds  of  miles  out  into  the  open-ocean,  so  that 
the  airflow  at  great  distances  from  land  are  often  affected.  Thus, 
under  strong  offshore  flow,  conditions  at  SNI  might  still  approxi¬ 
mate  some  conditions  experienced  far  at  sea.  During  the  periods  of 
onshore  maritime  flow  observed  during  CEWCOM/OSP,  data  taken  at  SNI 
are  likely  to  be  substantially  representative  of  open-ocean 
conditions . 

In  attempting  to  delineate  the  relative  influence  of  maritime 
or  continental  effects  on  aerosols  at  SNI,  two  types  of  trajectory 
analysis  were  used,  one  based  on  surface  wind  reports  and  the  other 
upon  satellite-derived  cloud  motion  vectors.  Due  to  data  voids  and 
inherent  limitations  of  both  techniques,  conclusions  on  source 
regions  did  not  always  agree.  To  increase  the  accuracy,  and  reduce 
the  effort  required  in  this  analysis  for  future  measurement  periods, 
techniques  are  being  developed  to  automate  the  trajectory  analysis 
process  and  integrate  a  variety  of  data  sources  into  a  single  prod¬ 
uct.  Thus,  techniques  can  be  applied  to  identify  and  describe  low- 
level  aerosol  source  regions  at  a  maritime  measurement  site  based 
on  a  variety  of  conventional  weather  data,  satellite  observations, 
in-situ  measurements,  and  calculator-graphical  techniques.  These 
can  be  imperfectly  applied  to  determine  the  relative  maritime/ 
continental  influence  at  the  site  in  question. 


IMPLICATIONS  FOR  THE  REPRESENTATIVENESS  OF  A  MARITIME  SITE 

It  should  be  emphasized  that  the  maritime/continental  nature 
of  an  ocean  site  cannot  be  established  solely  from  geographical 
considerations  and  statistical  climatologies  of  surface  wind  direc¬ 
tions.  Airmass  flow  pattern  analysis  (in  3-dimensions  if  possible) 
based  on  actual  synoptic/mesoscale  episodes  and  trajectory  analysis 
is  essential.  Also  of  importance  to  establish  the  maritime/ 
continental  influence  at  an  ocean  site  is  the  consideration  of  many 
other  available  parameters,  conditions,  or  indices  which  are  com¬ 
monly  used  to  described  an  air  parcel  source.  These  include  mois¬ 
ture,  wind  direction  and  speed,  cloud  cover,  air  source,  and  length 
of  over-water/over-land  trajectory,  sea  surface  temperature  patterns 
as  it  affects  mixing,  chemical  composition,  tracers  (radon),  aerosol 
distributions  and  their  vertical  profiles,  and  conditions  aloft,  as 
a  function  of  season. 


A  volume  of  air  is  always  undergoing  modification  from  above 
and  below  as  it  moves  across  the  Earth's  surface;  some  of  these 
subtle  airmass  changes  may  not  be  indicated  by  surface  winds. 

Because  of  these  horizontal  and  vertical  transport  mechanisms  and 
slow  airmass  modification,  "pure"  marine  or  continental  character¬ 
istics  will  seldom  be  found,  even  over  the  middle  of  the  oceans  and 
deserts;  instead  various  degrees  of  transition  and  relative  marine/ 
continental  nature  will  prevail.  Also  an  EO  system  performance 
analysis  cannot  be  based  solely  on  considerations  of  marine/ 
continental  airflow;  important  raesoscale  variations  in  humidity  and 
wind  structure  often  noted  in  satellite  data  must  also  be 
considered . 

The  question  of  suitability  of  SNI  as  a  Navy  site  for  EO 
studies  in  a  maritime  environment  cannot  be  answered  directly  from 
an  analysis  of  CEWCOM/OSP  data.  It  has  been  pointed  out  that  this 
period  was  marked  by  large  fluctuations  between  marine  and  conti¬ 
nental  airmasses.  Subsequent  measurements  made  during  November  1973 
also  show  continental  contributions,  but  measurements  during  April/ 

May  1979  indicated  a  higher  persistency  of  maritime  conditions  at 
SNI.  Since  all  three  measurement  periods  occurred  during  the  tran¬ 
sition  seasons  of  spring  or  fall,  an  even  higher  incidence  of  mari¬ 
time  conditions  can  be  expected  for  measurements  conducted  in 
winter  when  Pacific  storms  are  most  frequent,  or  during  summer  when 
stable  marine  layer  conditions  are  nearly  a  daily  occurrence  at  SNI. 

It  appears  that  SNI  is  a  good  approximation  to  an  open-ocean  envi¬ 
ronment  during  periods  of  strong  or  persistent  maritime  flow,  and 
unrepresentative  of  an  open-ocean  environment  during  periods  of 
strong  offshore  flow.  In  between  or  during  periods  of  transition 
conditions,  SNI  may  be  representative  of  a  coastal  environment,  -  an  ✓ 

environment  where  many  Naval  operations  are  typically  conducted.  SNI 
appears  to  be  distinctly  more  maritime  than  would  be  encountered  on 
a  populated  mainland  coast  or  larger  island,  particularly  when  com¬ 
pared  with  American  and  European  coastline  locations  which  are 
heavily  contaminated  by  fresh  and  aged  urban  pollution. 
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(R,  deck) 

Code  N320  (J.  Fitzgerald) 
Code  H327  (S.  Gathman) 

Commanding  Officer 
Naval  Environmental  Prediction 
Research  Facility 
Monterey,  CA  93940 
Attn:  A.  W’einstein 

A,  Gorogh 
R.  Fett 
R.  Nagle 

Officer  in  Charge 
White  Oak  Laboratory 
Naval  Surface  Weapons  Center 
Silver  Spring,  MD  20910 
Attn:  Code  R42  (B.  Katz) 

Code  213  (A.  Hirshman) 

Commander 

Naval  Electronic  Systems  Command 
Headquarters 
Washington,  DC  20360 
Attn:  El.EX  035  (R.  Golding) 

FLEX  3102  (M.  Parker) 

PM E  1 07  (J.  Obrian) 

PM E  107-53  (A.  Ritter) 
Commander 

Naval  Ocean  Systems  Center 
San  Diego,  CA  92152 
Attn:  Code  532  (J  .  Richter) 

(D.  Jensen) 

(H.  Hughes) 

(V.  Noonkester) 
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Chief  of  Naval  Research 
800  North  Quincy  Street 
Arlington,  VA  22217 
Attn:  Code  221  (I).  Lewis) 

Code  421  (W.  Condell) 

Code  465  (J .  Hughes) 

Superintendent 

Naval  Postgraduate  School 

Monterey,  CA  93940 

Attn:  Code  61 CR  (A.  Cooper) 

Code  61 CT  (E.  Crittenden) 
Code  61SG  (G.  Schacher) 
Code  63DS  (K.  Davidson) 
(D.  Leipper ) 

(C.  Fairall) 

(T.  Houlihan) 

(R.  Renard) 

(T.  Williams) 


Commanding  Officer 
Naval  Ocean  Research  and  Development 
Activity 

National  Space  Technology  Laboratories 

Bay  St.  Louis,  MI  39520 

Attn:  R.  Goodman  1 

Office  of  the  Under  Secretary 
of  Defense  (DR&E) 

The  Pentagon 
Washington,  DC  20350 
Attn:  MAES  (COL  E.  Friday)  1 

(R.  Davis)  1 

Institute  for  Defense  Analysis 
400  Army  Navy  Drive 
Arlington,  VA  22202 
Attn:  (L.  Biberman)  1 

(R.  Roberts)  1 

(H.  Wolfhard)  1 

Massachusetts  Institute  of  Technology 

Lincoln  Laboratory 

P.O.  Box  73 

Lexington,  MA  02170 

Attn:  Dr.  Keinman  1 
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Commander 

Atmospheric  Sciences  Laboratory 

White  Sands,  NM  88002 

Attn:  DEL  AS- AS  (R.  Bonner) 

(H.  Holt) 

DELAS-EO-MO  (Dr.  Gomez) 
(J.  Lindberg; 
(F.  Niles) 

ERADCOM  (T.  Hall) 
Commander 

Air  Force  Avionics  Laboratory 
Wright- Patterson  AFB 
Dayton,  OH  45433 
Attn:  RWI-3(WE)  (CAPT  B.  Smith) 
RSP-5  (CAPT  J.  Pryce) 
WRP-1  (R.  Sanderson) 

Commander 

Air  Force  Geophysics  Laboratory 
Hanscom  AFB,  MA  02173 
Attn:  OPA  (R.  Fenn) 

(E.  Shettle) 

OPI  (R.  McClatchey) 

OPR  (B.  Sandford) 

Commander 

Army  Electronics  Command 
Night  Vision  Laboratory 
Fort  Belvoir,  VA  22060 
Attn:  DELNI-VI  (R.  Bergman) 

(R.  Moulton) 

Desert  Research  Institute 
University  of  Nevada 
Reno,  NV  89507 
Attn:  J.  Hudson 

Grumman  Aerospace  Corporation 
Research  Department 
Bethpage,  NY  11743 
Attn-.  Dr.  J.  Selby 

Science  Applications,  Inc. 

1200  Prospect  Street 
P.O.  Box  2351 
La  Jolla,  CA  92038 
Attn:  Dr.  M.  Griggs 
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University  of  California 
at  Los  Angeles  (UCLA) 

Department  Atmospheric  Sciences 
-10,")  Ililgard  Avenue 
Los  Angeles,  CA  90024 
Attn:  (J .  Edinger)  1 

(M.  Wurtele)  1 

Calspan  Corporation 
Advanced  Technology  Center 
Buffalo,  NY  14225 

Attn-.  E.  J.  Mack  1 

T.  A.  Niziol  1 

Megatek  Corporation 
1055  Shafter 

San  Diego,  CA  92117  1 

Chief  of  Naval  Operations-Pentagon 
Washington,  DC  20350 
Attn:  Code  CNO-982F3  (Capt  Pellock)  1 

Code  CNO-35E  (L.  Triggs)  1 

David  Taylor  Naval  Ship  R&D  Center 

Annapolis  Laboratory 

Annapolis,  MD  21402 

Attn:  Code  2833  (It.  Bums)  1 

Commander 

Air  Force  Armament  Lalxiratorv 

Eglin  AFR,  FL  32542 

Attn:  Code  DLMT  (M.  Gay)  1 

Commander 

Naval  Air  Systems  Command 
Headquarters 
•Jefferson  PI  a/a 
Arlington,  YA  2221  2 

Attn:  Code  PM  A-202  (CDR  4.  Quinn)  1 

Office  Under  Secretary  of  Defense 
Research  &  Engineering- Pentagon 
Washington,  DC  20301 
Attn:  Code  EPS  (E.  Mvers)  1 

General  Research  (<>r|x'ration 
SWL  Division 
7921)  Jone  Branch  Drive 
McLean,  VA  22101 
Attn:  It.  Rollins 


Commander 

U.  S.  Army  Missile  Research  Lalxmatory 
Advanced  Sensors  Directorate 
Restone  Arsenal,  AL  35809 
Attn:  Code  DRDM1-TEI  (II.  Jackson)  1 

Defense  Advanced  Research 

Projects  Agency 

1400  Wilson  Boulevard 

Arlington,  VA  22209 

Attn:  S.  Zakanycz  1 

Environmental  Research  Institute 
of  Michigan 
P.O.  Box  801 8 
Ann  Arlx>r,  Ml  48107 
Attn:  It.  Legault  1 

Aeronautical  Research  Associates 
of  Princeton 
50  Washington  Road 

Princeton,  NJ  08540  1 

Commanding  Officer 
Naval  Intelligence  Support  Center 
4301  Suitland  Road 
Washington,  DC  20390 
Attn:  Code  NISC-40  (P.  Roberts)  1 

Code  NISC-50  (R.  Nelson)  1 

AIL,  Division  of  Cutter-Hammer 
Melville,  Long  Island,  NY  11746 
Attn:  A.  DiNardo  1 

Northrop  Corporation,  Aircraft  Group 

3901  West  Broadway 

Hawthorne,  CA  90250 

Attn:  L.  Tanabe  1 

Assistant  Secretary  of  Navy 

Research  Engineering  and  Systems 

The  Pentagon 

Washington,  DC  20350 

Attn:  Code  5  E  813  (Dr.  Wang)  1 

Commander 

Naval  Air  Systems  Command 
JP  Building  #1 
Arlington,  VA  20360 
Attn:  Code  AIR-630E  (V.  Tarulis) 
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Commander  P  ACM  I  ST  KS'I'C  E  N 
Code  0000 

RADM  F.  II.  Baughman  1 

Technical  Director 
Code  0002 

Thad  Perry  1 

Advanced/Special  Projects 
Code  0140 

CDR  J.  T.  Larsen  1 

Code  0141 

W.  Luttrell  1 

R.  Diehl  1 

C.  Elliott  1 

Systems  Evaluation  Directorate 
Code  1001 

CAPT  R.  L.  Berg  1 

Systems  Technology  Department 
Code  1200 

K.  I.  I.ichti  1 

Code  1230 

M.  R.  Marson  1 

Code  1232 

R.  A.  Mark  1 

G.  B.  Matthews  1 

A.  Akkerman  1 

Fleet  Weapons  Engineering  Directorate 
Code  2002 

G.  R.  Wachold  1 

Range  Directorate 
Code  3001 

CAPT  H.  M.  J.  Lewis,  Jr.  1 

W.  L.  Miller  1 

Range  Management 
Code  3020 

F.  Roth  1 

G.  Keenan  1 

Capabilities  Development  Department 
Code  3140 

T.  Carr  1 

Code  3143 

M.  Bondelid  1 

J.  Loos  1 
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Range  Operations  Department 
Code  3200 

CDIl  J.  P.  O'Leary  1 

Dr.  T.  C.  Lockhart  1 

Code  3250 

CDR  J.  Tupaz  1 

D.  A.  Lea  1 

Code  3251 

ACCS  R.  Hicks  1 

Code  3252 

R.  Ilixon  1 

R.  Rutt  1 

\V.  Klemz  1 

Code  3253 

J.  Rosenthal  20 

R.  de  Violini  3 

B.  Williams  3 

T.  Battalino  20 

R.  A.  llelvev  1 

Y.  K.  Yamamura  1 

R.  Clark  1 

R.  Dixon  1 

Code  3254 

L.  Hall  1 

A.  Bardusch  1 

M.  Bahu  1 

Engineering  Applications  Directorate 
Code  4001 

R.  S.  Walker  1 

Technical  Information  Division 
Code  4230 

A.  M.  Torres  1 

Code  4230-1 

M.  F.  Haves  3ft 

Technical  Reports  Branch 
Code  4231 

W.  J.  Kirkpatrick  1 

Library  Systems  Office 
Code  0862 

Technical  Reports  Library  2 

Patent  Counsel 
Code  PC 

Dr.  J.  M.  St.  Amand  1 
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